The current paper shows that CAC 40 index options (namely PXA) display some 
Introduction
It is commonly known that liquidity issue is a major concern for practitioners, …nanciers and policymakers. "Investors want three things from the markets: liquidity, liquidity and liquidity" (Handa and Schwartz, 1996) . Liquidity is a key determinant of the price immediacy: if the market is liquid then investors can buy and sell assets quickly without bearing high transaction costs at a price close to the previously prevailing price (Cho and Engle, 1999) . For instance, Frey (1998) shows that large agents whose trades may lead to a down/upward movements in the asset price, can replicate the payo¤ of a derivative security. Cho and Engle (1999) propose the "derivative hedge theory" in which the liquidity and spread can be determined by the spot market if the investors in the derivative market can hedge their positions using the underlying asset. They show that option market spreads are positively related to bid-ask spreads of S&P 100 index options. Most of these studies are conducted on non-European markets and cover a short-period data analysis.
To overcome the liquidity problems, we test the generalization of Gray and Whaley (1999) reset option introduced by François-Heude and Yous… (2013). The main idea is to reset the PXA strike price to a new strike price that is given by the value of CAC40 index.
The reset is set up at a pre-agreed time point t. The intuition is to enable the holders of ITM options to replace them with ATM ones to lock in their pro…ts given by the di¤erence between the strike price and the then current value of the underlying asset. The pro…t has to be deposited into the Clearing House. is selected regarding whether it belongs to the market months 8 or not. All data that are not in the market month are not included in our sample: we obtain then 84 market months which counts 1793 trade dates.
If we reorganize our data according to:
the expiration dates, we obtain 27 314 series;
the strike series, we have 821 989 series; the option's type (call and put), the number of series increases signi…cantly to achieve 1 643 978.
Our data show that PXA volume is signi…cantly high (total PXA volume is equal to 48 164 269 contracts): The number of daily trades considerably varies between 170 (minimum) and 4 367 trades (maximum) which results on a large standard deviation (see table 2 ). Thus, according to this …rst approach, we are tempted to join Capelle-Blancard and Chaudhury In addition, the database highlights that put options represent 55.54% of the total PXA volume. This could be explained by the downward trend in the market particularly due to the …nancial subprime crisis. The variations of PXA volume and CAC 40 index are positively associated (see …gure 1) that may evidence the link between the liquidity of the option and the underlying asset.
Descriptive statistics
To analyze the liquidity of PXA market, we focus on outstanding positions and scrutinize OI. is highly dispersed (283 395) which tempts to con…rm the liquidity problem we suspected. 
Liquidity issues
To analyze PXA option liquidity, we calculate some liquidity measures. The survey of the literature on liquidity show the presence of many measures of option's liquidity, like for example width, depth and immediacy 9 . However, they cannot be used in daily dataset 9 The main measures of option liquidity are:
Width which is captured by the bid-ask spread and other transaction costs generated by the trade of a certain amount of the asset.
Depth is the volume that can be traded at the observed bid-ask quotes
Immediacy measures how quickly an order with a given size and cost can be executed in the market.
Resiliency captures how quickly asset prices and quotes react to large order ‡ow imbalances or under asymmetric information to reach the equilibrium levels.
They are used in intraday data given by limit order book.
analysis.
To the best of our knowledge, there are no previous studies on index option liquidity, in order to identify the source of the liquidity problems we calculate the following ratios:
PXA Volume/number of Trades ratio to measure the average size of a PXA trade. To identify those options displaying liquidity issues, we examine the distribution of PXA trades and OI over strike price series, PXA expiration dates and moneyness.
OI/
The number of PXA series is the sum of the call and put series. We recall that the number the PXA call series is equal to the PXA put series. They are symmetric with respect to ATM series. The following tables present the PXA series for call or put options. 
Expiration dates/Strike price series/Moneyness
As call and put options are symmetric, we focus on the distribution of one type PXA options.
The following …gure provides a summary of the distribution of series and maturities between 3 y < T 5 y index at time point t, X is the strike price of the PXA option and is the interval scale where = 0:1. The moneyness scale is given by :
where 2 N Accordingly, we consider that ATM options satisfy the following: (respectively 33%) are OTM. In conclusion, 65.95% of PXA options are near the money. in and out of the money. The recommendation to replace all the OTM options with ATM ones seems again very intuitive (Appendix C provides more details on the distributions of the volume and OI along maturity categories).
In conclusion, we evidence that only near ATM PXA options with short-term expiration 3 How to improve PXA liquidity?
Regarding the liquidity problems discussed in the previous section, we advance three practical recommendations to improve the liquidity of CAC 40 index options.
First, we propose to put into practice the generalization of Gray and Whaley (1999) reset option introduced by François-Heude and Yous… (2013). The main idea is to replace all deep in ITM and OTM option with PXA options that are ATM. To do so, we propose to reset the strike price to a new strike price that is equal to the value of the CAC 40 index.
For ITM holders, they will deposit their pro…t into the Clearing House. However, for OTM holders replacing their options with ATM ones is costly. In practice, this comes to reset each third Friday of the market month, the strike price to the then value of the underlying index.
Second, as strike price series that are deep ITM/OTM are the less liquid strike price series, we recommend to keep the keep 5 intervals A, B, C, D and E but to scale them di¤erently such that all interval scales become 25 ip
Third, despite that the number of expiration dates has been decreased, our results highlight that long-term expiration dates are less liquid than short-term ones. Accordingly we propose considering 10 PXA expiration dates rather than the 13 current expiration dates:
Three spot contracts that mature before 3 months;
Three quarterly contracts that mature between 3 months and 1 year (March, June and September cycles);
Four yearly contracts that mature between 2 years and 5 years (December cycles).
Finally, for each strike price series, it is better to keep three strike series in each scale: For each contract, we de…ne the ATM strike price. It is straightforward to see that the distribution of OI is less dispersed when maturities are grouped in 5 rather than with 13 PXA contracts. However, we cannot deepen more our analysis as the …nal impact depends on the variation of the CAC 40 index and the variations of the moneyness scale .
Conclusion
Our study evidences that CAC 40 index options display liquidity problems when some speci…c criteria are considered like for example strike price series, expiration dates and moneyness.
Then, we propose (1) In future research, we would like to study the liquidity of the French equity options and the liquidity of other European and American index options to compare them with the results of the current paper.
In addition, further research should be conducted on when to reset the strike option as the option could be exercised before it matures. The distributions of PXA call and put options are quite similar and show the same downward trend from categories 1 to 5. Long maturity options display illiquidity problems.
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